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METHOD FOR ADJUSTING A SUBSTRATE IN AN APPLIANCE FOR CARRYING 

OUT EXPOSURE 

5 

Background of the Invention : 
Field of the Invention : 
The invention relates to a method for adjusting a substrate, 
which is covered by a photosensitive layer, in an exposure 
10 appliance for transferring a structure to the substrate. The 
appliance has a moving chuck for aligning the substrate, a 
radiation source, and at least one focusing device, preferably 
a magnetic or optical lens. 

15 Chucks are used in the field of semiconductor manufacturing 

for holding and fixing substrates, particularly while carrying 
out lithographic, deposition, etching, polishing, and 
varnishing processes, etc. These processes are used for 
substrates such as semiconductor wafers, masks or reticules, 

2 0 or flat panels for forming structures. Since present-day 

structures have to be formed with sizes in the sub-(im range, 
the substrates must be mounted on the chucks such that they 
are extremely free of stresses and bending. In this case, they 
must have a contact area or surface that is matched to the 

2 5 respective rear face of the substrate. The substrate can be 
appropriately fixed on the chuck by suction from a suction 
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apparatus (vacuum pumps) , electrostatically, by the 
substrate's own weight, or in other ways. 



There are particular requirements for the chucks in the case 
5 of semiconductor wafers . The surface of the chuck that faces 
the substrate has to have an evenness corresponding to the 
flat rear face of the wafer. Chuck unevenness that cannot be 
completely excluded may, for example, be transferred directly 
to the substrate by its own weight as it touches the chuck. 

10 

If an exposure step is carried out in an exposure appliance, 
such as a wafer stepper or scanner, to transfer a structure to 
the substrate, then variations, which are caused by 
unevenness, in the distance between the photosensitive layer 

15 that is formed on the substrate and the lens system can lead 
to fuzzy imaging. The distance between the photosensitive 
layer formed on the substrate and the lens system is known as 
the focus distance. Discrepancies from an ideal focus distance 
are referred to as defocusing. Typical extents for a process 

2 0 window to be achieved nowadays for focus distances are, for 
example, 0.5 ]im. These values will decrease further in the 
future . 



The evenness of chucks in exposure appliances is measured 
25 regularly, for example, at intervals of a few weeks. A 

measurement such as this can be carried out using so-called 
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"golden wafers''. These golden wafers have a particularly- 
planar surface when not subjected to any stresses. Exposure 
appliances are equipped with focus and tilt sensors which, for 
a given exposure area on the wafer, are able to measure the 
5 focus distance and any tilt of the surface relative to the 
lens or lens system, in order to compensate for any surface 
topography on the wafer. 

In theory, it would be possible to use these sensors to 
measure the particular exposure area before each individual 
exposure step, and thus to adjust the wafer in order to 
compensate for the local unevenness. To do this, the focus 
distance and the tilt of the chuck, with the wafer resting on 
it, would have to be readjusted in each case. 

In practice, however, this procedure is rarely feasible 
because of the large amount of time involved and the loss of 
productivity associated with it. A focus distance common to 
all of the exposure areas and a common value for the tilt are 
therefore specified for the adjustment of the substrate. These 
values can be obtained from averaged individual measurements 
for a first wafer of a batch. 

As a consequence of this, areas on a semiconductor wafer which 
2 5 are affected by unevenness of a chuck are adjusted 

automatically to a focus distance or a tilt which leads 
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locally to fuzzy imaging there, for example, of structures 
which are projected from a mask onto the wafer. 



The focus/tilt sensors are also used in the case of the golden 
5 wafer, in order to measure the chuck unevenness that are 

transferred to the golden wafer. The results of a measurement 
such as this are compared with tolerances that are specified 
by the appliance manufacturer. The chuck can be replaced or 
used again, depending on the comparison result. Replacement is 
10 normally due after about four years. 

Summary of the Invention : 

It is accordingly an object of the invention to provide a 
method for adjusting a substrate in an exposure appliance used 
15 for transferring a structure to the substrate, which overcomes 
the above-mentioned disadvantages of the prior art methods of 
this general type. 

In particular, an object of the present invention is to 
2 0 provide a method enabling the reduction of the disadvantageous 
influences of unevenness of chucks on the manufacturing 
quality of substrates, in particular semiconductor wafers. A 
further object of the present invention is to reduce the 
effort for adjusting a semiconductor wafer in an exposure 
2 5 appliance. 



-4- 



P2002, 0978 

With the foregoing and other objects in view there is 
provided, in accordance with the invention a method for 
adjusting a substrate, which is covered with a photosensitive 
layer, in an exposure appliance used for transferring a 
5 structure to the substrate. The appliance has a moving chuck 
for aligning the substrate, a radiation source, and at least 
one focusing device. The method includes steps of: 

- for at least one first position on the chuck, measuring any 
10 discrepancy between a surface of the chuck which faces the 

substrate and an idealized plane; 

- providing the substrate on the chuck; 

15 - selecting a first detail from a large number of details in 
the photosensitive layer, which represents a first exposure 
area on the substrate, such that the first position on the 
chuck projected into the photosensitive layer is located 
within or in the immediate vicinity of the first detail; 

20 

- predetermining a common focus distance intended for the 
large number of details on the substrate; 

- calculating a first correction for the predetermined focus 
2 5 distance between the first detail on the substrate and the 
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focusing device as a function of the measured discrepancy at 
the first position; and 



- applying the first correction to the focus distance by 
5 moving the chuck to adjust the substrate in an exposure step 
for the first exposure area. 

The unevennesses of a chuck are measured by determining 
discrepancies from an idealized plane. An idealized plane may 

10 essentially be assumed for the rear face of a semiconductor 

wafer. For example, this may be a measurement method based on 
the prior art, for example, using the golden wafer. The 
positions of the discrepancies are determined accurately, thus 
preferably resulting in a more detailed surface topography of 

15 the chuck. 

In contrast to the prior art, the measured discrepancies are 
now not discarded once they have been used for classifying the 
chuck, but are in fact, stored in order to be used as presets 
2 0 for subsequent exposure processes, in particular for 
measurement and adjustment processes. 

To do this, a stored value for a discrepancy at a position on 
the chuck, which is located underneath the present position of 
25 the exposure area is extracted for a detail, which represents 
an exposure area, in the photosensitive layer on the 
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substrate. This may in this case be at least one value of a 
discrepancy at a first position or else two or more 
discrepancy values at two or more positions in the region of 
the exposure area. It is also possible for the discrepancy 
value to be located at a position outside the exposure area, 
but in its immediate vicinity. The critical factor is that the 
discrepancy which represents an unevenness can be locally 
associated with the exposure area or the detail in the 
photosensitive layer, in order to compensate for any 
defocusing caused by the unevenness during an exposure step. 

A common focus distance, which is determined for a large 
number of exposure areas or details on the substrate, is 
preset in a next step. This is a distance between the 
substrate surface and the respective focusing device used for 
transferring the structures. In the case of wafer or mask 
exposure appliances, this may be an optical lens. In the case 
of reflection masks, mirrors or mirror systems are provided as 
focusing devices, and are covered by the invention. In the 
case of electron-beam or ion-beam projection appliances, 
magnetic or electromagnetic lenses are provided as a focusing 
device . 

The step mentioned above makes it possible, for the respective 
substrate, to reduce the complexity for focusing and tilting 
the adjustment of the chuck to the necessary extent. There is 
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no need to carry out a focusing step on each occasion for each 
individual exposure area. It is particularly advantageous for 
the corrections that have been determined according to the 
invention also to be used for the surface topography for all 
5 of the subsequent substrates in the same batch and having the 
same characteristics . 

In the case of exposure appliances from Canon Inc., the 
focus/tilt sensors are used, for example, to measure the focus 
10 distance and the tilt of the substrate relative to the lens or 
the lens system for a number of exposure areas, thus making it 
possible to adjust the substrate using the moveable chuck. 

A measurement such as this is used to take account of the 
complicated surface topography, in particular, of substrates 
which intrinsically have to have a number of layers and which 
have been subjected to a number of processes. Since the 
structures and circuits are identical for each exposure area 
on a substrate, the measurements of the focus distances and 
tilts are statistically averaged in order to obtain a common 
value for the focus distance and for the tilt. Until now, all 
the exposure areas of a wafer have been illuminated on the 
basis of this common focus distance and tilt. 

2 5 According to the invention, although the predetermined value 
is taken into account, this predetermined focus distance is, 



-8- 



P2002, 0978 

however, individually and additionally corrected in a further 
step in each case, for each exposure area and detail, as a 
function of the measured discrepancy, in order to take account 
of the local unevenness in the photosensitive layer on the 
5 substrate. This is done by extracting the stored data such 
that it is possible to calculate the correction. The 
correction for the focus distance can be achieved locally by 
using the calculated value to move the chuck. 

The depth of focus of a lithographic process can thus be 
improved as a function of different positions, by including 
the unevenness of the chuck directly in the focus and/or tilt 
calculation of an exposure system. This compensates even for 
only small unevennesses that are still within the 
specifications of the appliance manufacturer. The range of 
tolerances, that is to say the process window, is in 
consequence advantageously enlarged, and the manufacturing 
quality is correspondingly improved. 

2 0 According to two further aspects of the present invention, 
regions or numbers of exposure areas that are used as 
exclusion areas for adjustment processes can be defined by 
accurately measuring the positions of the unevennesses. 
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A first aspect provides that these exposure areas must not be 
used for determining the value (which is predetermined jointly 
for the wafers in one batch) for the focus distance. 

5 The advantage is that the periodic measurements, as they 
demand calibration measurements, need no longer be carried 
out, by virtue of the present invention, to the extent that 
was necessary in the past. It has been possible to avoid 
relatively large errors by individual measurements by virtue 
10 of the large number of measurements in which the ideal focus 
distance or the ideal tilt of the chuck for exposure was in 
fact necessary because the unevennesses occurring on the 
chucks . 

15 Since, according to the present invention, exposure areas 

which are affected in particular by unevennesses of the chuck 
located underneath are excluded, it is now possible to manage 
with a small number of focus distance measurements, so that 
the production rate on an exposure appliance increases. 

20 

According to the second further aspect, these exposure areas 
may not be used for the actual alignment process in the XY 
plane that is parallel to the surface of the wafer. The 
advantage is that the corresponding adjustment marks within 
2 5 these exposure areas are of poor quality and thus lead to 
inaccurate adjustment results. 
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Provision is also made for the present invention to be used in 
the field of metal processing, where the roughness of the 
surfaces of chucks plays a considerable role. Measurement of 
5 the surface and accurate position correction based on this for 
distances between substrates mounted thereon and the sources 
of the processes involved, such as lasers or focusing etching 
sources, can also lead to improved processing results in this 
case . 

10 

Other features which are considered as characteristic for the 
invention are set forth in the appended claims. 

Although the invention is illustrated and described herein as 
15 embodied in a method for adjustment of a substrate in an 

appliance for carrying out exposure, it is nevertheless not 
intended to be limited to the details shown, since various 
modifications and structural changes may be made therein 
without departing from the spirit of the invention and within 
20 the scope and range of equivalents of the claims. 

The construction and method of operation of the invention, 
however, together with additional objects and advantages 
thereof will be best understood from the following description 
25 of specific embodiments when read in connection with the 
accompanying drawings . 
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Brief Description of the Drawing : 

The drawing figure is a flowchart of an exemplary embodiment 
of a method for adjusting a substrate in an exposure appliance 
5 used for transferring a structure to the substrate. 

Description of the Preferred Embodiments : 

Referring now to the sole drawing figure, there is shown a 
flowchart illustrating one exemplary embodiment of the 

10 invention. First of all, a map (Step 10) is to be produced of 
the unevennesses of a chuck, in a lithographic projection 
appliance. This is done by determining the discrepancies 
between the surface and an idealized plane. The exposure or 
projection appliance has a set of focus/tilt sensors, in each 

15 case comprising a laser and a detector, for example a PSD 

(Position Sensitive Device). The particular tilt as well as 
the particular focus distance can be calculated from a light 
beam which is emitted by the laser and is reflected from the 
surface of a "golden" wafer which is mounted on the chuck. 

20 

A three-dimensional map of the surface of the golden wafer is 
produced from a large number of individual measurements, each 
at different positions X, Y, Z. An idealized plane may be 
determined, for example, by linear regression analysis in the 
25 three-dimensional data record. 
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The unevennesses of the golden wafer are recorded as 
unevennesses of the chuck, since the golden wafer itself has a 
front and rear face which, although flexible, are parallel to 
5 one another, to a high degree of accuracy. The unevennesses 
and the discrepancies from the idealized plane of the chuck 
are accordingly transferred directly to the front face of the 
wafer . 

The calculated data record, comprising the map with the 
discrepancies, is stored as a function of the position in a 
databank (step 12). The map is associated with the chuck. 
Manufacturing based on two or more projection appliances, 
which are each provided with chucks, utilzes a databank in 
which the maps that are associated with the respective chucks 
are stored. 

Let us assume that a plane is intended to be illuminated for a 
batch of semiconductor wafers, using this particular 
2 0 projection appliance. A first wafer from the batch is provided 
in the appliance, and is placed on the chuck of the appliance 
(step 14) . A number of exposure areas are selected on the 
wafer, for which the sensors are used to carry out a global 
measurement of the focus distance that is ideal for exposure 
25 and of an ideal setting for the tilt (step 16) . The ideal 
focus distance is set automatically by adjustment optics, 
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using a focusing algorithm. The value which is set in this 
case for the focus distance is stored for each exposure area 
position . 

5 These values for the focus distance and for the tilt are then 
averaged. The averaged values are subsequently used globally 
as exposure presets for the chuck, for all the exposure areas 
on all the wafers in the batch (step 18). 

10 A first exposure area is now selected (step 20) . A matrix of 
exposure areas is now transferred to a reference coordinate 
system in a monitoring unit for the projection appliance, as a 
function of the orientation of the wafer on the chuck (step 
22). The first exposure area has position coordinates in it. 

15 Next, the stored map of the unevennesses of the chuck is 

extracted from the databank, and is likewise transferred to 
the reference coordinate system (also step 22) . Ideally, at 
least one position whose discrepancies from the idealized 
plane have been measured is located within the area of the 

2 0 selected exposure area (steps 24 and 26) . 

The measured discrepancy is converted to a correction for the 
setting of the chuck with respect to the focus distance (step 
28) . The corrected setting for the chuck is moved to (step 
25 30), and exposure (step 32) with the structures projected from 
a mask is carried out, by using the adjustment marks that are 
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arranged in the exposure area, before or after fine adjustment 
within the XY plane of the chuck with that area. The next 
exposure area can then be addressed (step 34). 
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